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AI] S’I’I{A(:’.I’

\iJ(’ ])1’cwlt  a (’olol’-ll l:lg,lli[ll(l(’”  (Iia$yalll of 11101’(” tllilll 10,()()() still’s ill tll(’

]Ia]o  o f  t]]c g;alaxy N(:(: .!)]~8 ((hIta III (]s A ) ,  l)as(xl  011  \!~l(’!’(~~  illlt\~CS  t] II’ou{’,]1

t II( 1’ aIId  1 filters.  ‘IIIIC j)ositioII o f ’  (11( rc&gia  IIt l)rd IIclI s t a r s  i s  coIII])a Ic[l

\\’itll 111(’ loci of tlllc 1{(;1]  ill six Wel l - s t l l ( l i c ( l  glol)lll al” C]llst(!l’s  and ill tllc (Ilvdll

(~lli])tical  galaxy N(; (; 185; llIC t,i]) 01 tlIf’ 1{(;11 i s  si:,ilalld I)y aII olwrvcd

tLIIII-111) ilI tll IC IIll)lillosity ftillctiol) at, / C- ~~,]  1 ( ) .  ]  II Iap,; tl]is yicl(ls a clistallc~’

r  ‘)$ it a clist,a]lce o f  3.6 :1 0.2 M]){)l1110( 111111s (7”/1  - M)() ~ 27.S:I ( ) . 2  f o r  N(:(’  ,)1.(  (  ,

i]] a~,rcc]]]c]]t  witl I  ])rcviolls  (I(:tjcl]]li]la(io]ls  I)asc(]  011 tlIc ])la]]ctwy  IIcl)IIla(~

IIll]]i]]osity fu]]ctio])  aIId  0 1 1  tllc sll]f;l({-l)li~;llt])css  fluct uatiolls trcl)l)iquc.

‘1’IIc  ])rcsu)cc o f  al) it]tcl]])cclii\lc:-tl~;c st,c]lal j)ol)lllatioll  (N 5 (jj~rs) i s

sllg:;(.s(,  (~(l l)Y (,]1(~ ]lllllillosi(,jr fllllc(,ioll  of’ tlIc A(;ll stars, cxk~]](li]lg u]) LO f T 21.6

,,,,,/; (for v  -1> 2) aII(l Al,,,,, w -:) II lag; IIow(wr, tllc 11111111)0’ of t!llcs(’ stars

(ollslraills tlllc ilit(’llll((litltc-:~p,(’  skllar ])oj)ulatiol]  ill tll(’ lIalo o f  h’(; (~ 512S  to

I)( 1(%s t]]?]]) ~ l o %  o f  tllc total. ‘1’lJc  color (Iistril)llti  o]] at (oIIstaIIt 1 ]Ilagllitll(lf’,

?Ill)(it  aff’cctd l)y tll)c co]ll])lctcl]css  l(v(] 01” OUI sdIIl])l(. st, roll~,ly  Sugg(%ts  il 111(’  all

vitlII(  o f  [ l ’ ’ c / l ] ]  >  ().9 (lcx, ])ossil)l}~ siltlilal 10 111( V;IIII(  follll(l  ill M31 , aIId

lIip;l Icr t]):]]] tl]atj ol)wrvul  i]) N(; C 1 8 5 .



1 . lN’I’ltol) ll(~’J’:l[)N

[ll}tl(lslilllcli)l~, tlIc lIa(llrc o f  rlli])tica] fI,iklaxif’s i s  (JIIC’  o f  tlI(’ llltIj(JI  ri])(’  I)IOI)I{IIIS  of

;IS1 rc)])l]ysi(s.  IIaa(l(’>s  slltlllisc lllai t,ll(’ Sl(’llill”  ])ol)llliitioll”  o f  clli])tical gal;lxi(s i~as ((l~liv:llt!ilt

10 t II( stellar ])o])lllatioll of tllc IIa]o of lllc llilli)’ \4’:l)r lt’as I)dsc(l 11])011 r(solllt ion of” tilt (lLV:II 1 ’

(~lli])tic:il  ~,alaxics c)f tllc 1,()(211 (~rou]).  Mor(”  r(’c(’llt i[lsiy,llls  lI<Iv(! sllggcstc(l  p,al:Ixy  lIIrlp,ers  a~

1 II( ~)rip;itl of Lllcsc  ]Jr(w+llw  su])]mlt(xl st(’ll?ll’ syst(’ills (’I’()()1111”( ~ ]{)~2,  S(]lll(iz[r 1 994). l’;itfl(r

IV;IJ, t lIc (ll;llzi(lt~lisli(s d tlIc SllCllaI ]m])lllatioll rclllilill i lIc ])rovill?;  F; IOIIII(l  for tllcorics o f

1 II( ())if;ill  ol’ t,l Icsc  galaxi(s.

N(; (~ 5128  is c]assifid CSO ])w’; its lilllitl~,(’ to cllil)ti(al p,a]axics is tlIloIlglI its do)i]illt]l]t

sl)ll(,)t)icl  ((11’?111+111]  197!1);  i t s  lilllitlg(!  10 tll~’ Icllti(lllal (ltiss i s  tjlll’ollgl] its Stl’iliill$, all(l  g,l’+

(Ililt)l}s  (li Sli  (Quillell cl a] J9{13). kl(’1’g(~l’ sc(ll;ili(w lIa\7( I)(WII  (x])  IOI(I(I  l)y Mali]), (~lli]lli  L’

(~]i[l]il]))  (  1983).  ‘1111( galaxy’s activity I)mvi(lcs a liIl)OJ:It<)I)” for  gas / j e t  il}tmactioll (Sllttlc-

l;III(l (’t al I  993) .  Its ])mxilllity  lI”I?II<(’S  it a Ilsclll]  test illg, p)l’oll]l(l  for  early tj’l)c galaxy  clist)all(c

ill(lit:llors ((’.~;. IIlli c/ ([1. 1993,  (I(’  \/;III(OLIl(IIIS (1 (1/. I  !~!)3).

2 . 011 S1’:l{l~A’J’JONS”  ANI) 1)11( )’I’()N41{:’I’1{}’  I{ II; I)lJ(;’I’ION



A  IJrt,lil))illary  list, of stars (Ictc(t((l ill C;ICII cllij) for  (;I(II  f i l t e r  was  (o]]l])il(xl  llsit]g tlIc

allt)olllatic slal-fil)clillg, algorit]lll)  ill 1).401  )11(1’  1); tlicir illsljlllltl(’llti~l  IIlagt]itllldcs w e r e  (Ictv.

IIlilltxl ]vit]l  tllc rcductiol~ ]Ja Cl{ag)CS  AI, I, S’I’;l 1/ :111(1 Al,l,l I’l{Ahll  I; ((l(l(~lo])(Yl  l)y l)CSI(I St(t-

sOII)  wllicll fit a ])c)illt-s l)lc~:i(l-f [lll(tiotl to (’:1(11 star. ‘J’IIc Il]atclli]]f, I)ro/,IaI  II l) AONIAS’1’l;l{

;Illo\L((l  (Is to (lis(:ar(i  stalls cl(t((t((l ill (JIIIJ {)))( color, tls w(ll as stats wlI(M( ]Josilioll” ill tlI(I

l“[)~)h\4T il]lag(: (Ii(l 110( ]]~atlcl)  lll(il IJosit iotl ill 1 II(’ l“814\3J  il]la~c to Ivitllili ( ) . ( ) 4 ” .  l{)v(]ltual]y,

SOJ)IC I I ,()()0 stars wc.]c rctaillml (5(i;\ of tlI(III  (Irtcctcd  ill clli])  1 ,  3422 ill cl)i]) 2, 3273 ill cl Ii])

3  ;IIIC1 ;;S27 ilI (l}i]) 4 ) .  \41c tlICII cl]wx s(l(IiIl (wlatjivcly)  isolatc(l  l)riglll stals ill cac])  (hi]) ii]

or(l(:r to col)]])arc  t,lic valll(’s  of’ tllc ltla~,llilll(l(’s mtilllak:d l)y lllc ])oillt-sj)lca(l -fllil(.tiol) fittil)p,

alp; orit,lIIIl ill AI,IJI’’I{AMII1 wit,]] t,llosc  ol)l:iill(xl wit,]] aI)CItUM-  I)lIOtOIIICt,V,  IIsilw ?III ~lt)~l’t~ll c

Ia(lills = ( ) . 5 ” ,  c.ollc:s])ollclil]g;  to 5 ljixcls ill cllil)s 2, 3 dll(l 4  (\Vidc l;icld (;aIIIcIa),  aIId 10

I  I  I)ix(ls i] I clli])  1  (l)laIICtal.y  (;aIII(’IiI); lY( v(lific(l t,]I:It, {,]lis C:l]jl)]:lt,jo]l is co]lsist(lll,  Jvitl]

lfl IC val  IIcs dcrivrd l))’ l)dcr StctsoII aII(l  ,101111  I 10117)]Ilal  I (S t  etsoll, privalc (olllllllll]i(:ltioll).”

(Jllfoltllllzlt(:ly, tlIc lii~li o f  l)rigllt stars i]] cl)i]) 1 JIIadC  our calil)ratio]l  IatlIc I ul]ccrtai])  foI tlI(

1’(; (LV( (xtilnat,fd  al I CII’01 o f  a f(:w t (111  I I S  of :1 IIiagllitl](lc);  tlIcNfoIc, If’{’ (lcci(lcd to 2I(10]  )t

St,ctso]l’s  z(ro])oi]]ts  li)I all folll cllil)s,  I’t)] 1 II( sak( of’ co]]sistcll(j’. ~1~(: a!so i]lttx)d~ld  a lil)eal

c.orrcctio]  I for tl]c CIIa I/,c ‘1’ral)sfel  l’;ili(i(ll(~ j)]ol)lcl~ls  cxj)lai]lc(l i]] IIoltz]]lal) (.1 (Ii. (l!~{)[)l)):

])ixt’ls  locatc(l i]) tl]c 8001,11” row’ lvcr( assIIIIIt(l to lJ(’ ().()4 JIlap, l)rir,l]t(r, wllil(’  tllc 1s( IOJIJ m’ds

1(’ft ull(’llaly!yd. “

l“il]al]y, tl]e (:()]]k’rrsio]l  110111 tl]( \\ ’l; l)(;? Higllt  I)lloto]]l(tli(” sj~stcl]l  to t IIC st a]l(la]  (1

(Iollsills  colors w a s  ilt]l)l(:]]](:]]t{:cl  using,  1 II( ct)([licicltts  tal)lllatcd ill tl)c SaIIIC ]);I])cI: l“5Th!)\\;

USV(I  tllc folloJvi]]/;  rvlati,

IIltlp,llit,ll(l(s  V a]l(l /:

ll 1)( ’tl!’wll  A

I 2.510 ~,(l(.\jl

2.r)l(y,( /,x,))

l,l’l{!\hl l’; ]Mf llla~,llitlldes t) 211](I ? ,  ;Ill(l 111(’  Slilll(ltll’(1

,’1- /~,. (v- /)- (:\ ’(v- 1)2

.1 / ) ’ /  ( 1 ’ -  /)- (~)(1’ /)2
( 1 )

\\Jll(’1”(’  /\\,  : 0.0!52,  (:1’ ~ 0.027, H/ ~ 1).0G:3,  (:/ ‘ o.():~~), all(l  111(’ \’:1111(’s  o f  /! f o r  fll(’

(Iifl’cl(’l]t  (ilt(~]s alI(l Clli])s lIavc’ 1)(’ell Iist(vl  ill ‘I;tl)l( 1; A is [II( SLIIII  01 I) AOI’11()’1” ])l)otolll(lli(”

()(1’s(’1 (: 12!}).  l)Ius  IIIC zcro])oillt”  fo]  ii p,it(tl filtcl (z.]).  ~ ?1  .’I’1?4  fot Il; z.!).  ~ 2 0 .  S 4 0 ”  for / ) .

])]11s :1 g a i n  f:l(’tol”  ((li(l’(’l’(il)t  fol” (’il(’]1 (’l Ii]) I)llt - ().”/!)),  ])ILIS  t IIr {(1111 mll}ir(xl 10 cc)! wt t II(

illstrllll)(’llldl  IIlagl)itll(l(’s to a ().:)”’ :II)(ilIIlt I;lfliils  (01 (}r(l(r  cw (). I ) ,  I)llls :1 1(’sc<llillp,  J’ii(’tc)l

Y.!)lc)p  1 (iIll j)ix(l \tIILI(Js  II;I(I I)(YII  (Iiii(lt(l I)j I’ollt. i]liti:illy, :1s (’x])l~lill(xl  i]) llolt7111illl

(1 {/1, !99:)1)).
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(i

]]otl-li])(’ar, a s  w’(} slIall sw iII ,Scc. 5,

IJill ally, ilS Cx]llailld ill Sm. 4.:1,  11’(’ (’Villllill(>(l 111(’ ]Jllololll(’11’ic”  (Illol”s: ivt I’C)IIII(l  that, tllc

(s[i]llat(~s  (alc~]lat((l  l)y Al,l,l~’l{Ah411; iIIc’ 1101 l(li:ll)l(~  (tlIf~y l(JII(I  to IIII(l(I(JstiIII:Itc’  tlic 1111(’

(’1’1’01’) ; tllcmlol (’ \!’(’ usml tlIc stal Idard  tmllllitlllc of a(l(lillp,  “arti(icidl” st ;Irs ill olIr i’rall Ics,

\t’itll  ral](lolII l)llt a ])rioli kIIowl  I ])osilioll” :111(1  1 ) 1  ip,l]t]i(’ss, ;III(l  \\’c re]: III al] tlIc sta]. Ji]l(lil]p,

:Ilfyritlll)ls 011 llllr  IIm’ illlil$;(%. \IVc  {I I(II  ((,III1);II(LI  III(J lllap;tlit~l(l(,  01 (:1(11 ;I(I(IL:(I  sltIrs as

cl(~tcrll]illcd  l)y AI, I, II’l{ AM  I’; wit,ll tlIc V:IILI(’ p,iI(’tl ;IS il]])ut. Not a l ]  tll(’ fak(’ st!al’s (:0111(1  1)(’

1(’cOV(JI(YI,  ;III(I tl)is allolvrd  11s 1,0 l)lot liltcs ill 1)0111 colo]-ll):l~,llitll(l(~s”  clia~lalt)s  si$,l)allil]g tlIc

aj)l)roxillla(jc 50(Y(I COIIl])l  C.tlCIICSS lcvc]s (s(~(’  l“i{’,. (i <III(1  IJig. 7 ) .

4 . I, UMINOSI’I’Y  II’(JN(:’.I’1ON

'11]1(] {(;lltj l)lllll)i ll[)sitj~j  s:ilc:li?\l)lc(  lisl; lll('(`ill (li('?lt()l`l)(  `C:llls(`its 1 l~]il~;l]it  ~l(lc’clcj)cll(ls

V(’I’J’  litltl(:  11])()]1 :Igc (we (~rccll ~~ ul. 19N’/)  all(l  IIlctallici l)’, al ]Cilst 1’01” ;ll)llll(l  :111(’(:s C(]llill  01

1(’ss tllall [ 1 ’ ’ ( ’ / 1 1 ]  ~ ().7 (Icx (Sc’(’l)a  Costa s’ :IIIII:IIIc1lOII’I!)!)OI”  I) A\)()). 12 l’lc)llltll({)i~lllt

l) IiIi  IclI  lo(i ill LII((A41,(V  /)[)) ])l;illc(l(lilf(ll)y l);~!)[l,  \\’(sa(loj)t((l  ;III al)soll lt(:l]); l$,l)itll(l(

I l l ,  : :\. !)8:l ().12 IIIag  foI tlIc ti]);  11(11 ((. tlI(  (Iisl{lllc( III()(IIIIIIs  ol’a gI,alaxy  (JI a clllstcr of

s(ars  CaII I)c Cxl)]wscd l)y tll)c siltll)l(’ ]rlati o]]:

(,7, -AI),,:  /,, {,,,,- (-:3.9 s)- A, (:?)

111 0111” (’:1s(’,  \4’c  l<llo\v  tlliit  A) = 0 . 2 2  :1 0.()? Illaf’>. aII(l  \v( OIIly  lIc((l  to (I(t(rlllillc tli( t,i])

of LIIC 1{(:11 frOIII  tlI(’  IIllllillositjy ful)cti(~ll  (l]<’). 11 i s  l)(jssil)lr ilI sol IIc cases 1 0  cslilllatc tlIc

})osiliol]”  oltl](( lis(()]ltil  l(litj~i]) tlI( IIl]t]illosit} l’illl(lit~t] sill)j)l~l)y  (y(>, 1)111  1“01  (Iist;ltl($;:ll:ixi(s

Iil;( NL; ( ‘ ~)]~~ j~l]g(> l)]}ofo l]l(>t,]’j(’”  (!] ’1 ’01’S [(’11(]  {() S111(’;11’ ollt t II(’ (’(lg(’; ill a  TIIOrC (jllillitit:ll,ii’(~

:I])l)I();IclI,  OIIr (aII  (Iifl’(lc,llti:lt( tlI( l~llllill(hitj f’llll(titjtl  aiIfl ;Issociatc  111(1 ii])  0 1 ’  tlI(’ 1{(;11

10 tlt( I)oi}lt \vll(’lc llIc [irst (l(]i\7ali\’(’ II:IS :1 Illasi]l]lill]  (tl)( j)oi]lt ols(t(l)(st  as(t]]t i]) tlI(

I,l; ). ‘1’11( ll]lccrt;li]]f~ ill 111( (Iclwtio]]  01111( (11}1,( (I(lJ(’II(Is  III(Jstlj 11])011 tlI(> siz( 0{ i,lI(I ljills

‘7’1’ 11( 1)1!)() ~,ial]t  l)lalIclI(:s slIolY  tlIal l’tjI [1’(/11]  > ().’/ tll( p,ialit  1)1:111(11 lilj i s  Iaillt(l

111:111  sl)((ili((l  11(1(. ‘1’llis is CIII( totlI(I (fl((l~ 1 ) 1  I)ololt)(tri{”  Col’1(’Cti(Jll  ill (OC)I  S1:IIS. (’1’l](i]

IIltl)i]lositi(’s  ;II(’  1)](’(li(l(’(1  to 1)(’ si]lli];l] [() ~jI p,I[;It(fl lII; III Illos(” 01” 1(’ss [ll(~la-ri(ll  still’s).

‘1’ll(sc(Ifl(’(ls(loIIot”  I)i;ls tll(llc;lltjl)(list:lll(t itlcli(;il(]t 1)1’()\’lfl(’<1  ]1](’i:ll  1)()()1’  ~ilill’S  :11”(’;11 1;1(”1

]) I(s(II1 ill 111(’sl(lltIl l)()])lllilti()tl. ‘I’l IIsj sillll)l) sOI’1(11  III(’ IIllllit]osil) I’llll(liotl  (Iis(olltitlllitj’.



lfltll()llp,l 1111('1  I\lll)l)(`l'( l('l)Sit J`()f"ht ill"~l'i lllS(jl li("l(lj'l"( )1'111:1  p,llitll(l(  `S/ < /j]{(;  ~;:lS(’.\l  )( ’(”t( ’(l,

il f’(\Y st;Irs  :11(’ still (l(’t(’(l,(’(l  iii l]i~,l](t IIllrii]][)sili(s:  \\’(’ follll(l :Il)olll  lT)()  slats \villl /  <’ :J:\



b) (11( ’J’; il’(’fol’(!F;l’OllllC[  (;?il?i((i(st;lls. lJsil)~j  tl)(st,iit(l olsit~(i  tl(lili(t,({l  1)~ ltci(l (I)lii’at(

(“oll)llllll]ic:ltio]]),” ttJC CStilllilt  C tll; lt ficl(l (“olllt l]l]itliltioll”  ill OLII”  !). S S(]lliil’(’ arc]l]i]] fi(’](1  Ctll]

:1( ’(”ollllt  fol” 11]) to 20-25  St,  ?il’S  }vit]) 18 < 1 < 24 IIldg ;111(1 () < \“ 1 < 4; ill ])ill”ti(’lllill’,

at II]cwtj  tlvo ol tlIrcc of t,l)(II)  :IIY cx])cciul  t o  I)c I<)lli)(l wit!) 2:? < f < 23.5 IIlag <I I)(1

0  < 1 ” -  /<4. ‘1’l]edoyr tl]r (Ifl’ccl o f  (Jalactic  m]ll al]]illdt ioII cal I I)(, l]e~lectc(l at ( IICS(

lllll]illosi tics, \vllilc lll]cy caI] ]) Iol)al)ly cxj)l aill a]l tlIc stdrs  s(rl) <It / <  22 l]]a~.

I I I  l’ip,. (i ;III(I 1+’ig,. 7  WC ii])])]c)xi]]):it(lj’  i(lcflti[i((l  tll(’ jmil~oll OJI  t  11(’ (“olol’-lll  ilp,lli[(l(l(’”

(llil/,l’illll  S 01 1 11(> (lill’(’l’(’Jll  (“1?1SS(’S  of S(;11’S  (Iis[uss(’(]  :ll)oiz(’.

1“]’0111  (Ilis (Ii;lp,l’illll ,  aII(l  fro III  tl)(~ sIO1)(>  01”111(1 I)olol))(t.li(”  llllllit)osil\  l’IIII(fio  II l)lot  [r(l  ill  lip,,  $),

\\’(’  S(’(’  tllill  111(’ )’l(;ll  (’X((’II(IS  Ill) 10 jl~l,,,]  ‘ f) lllil~,. fl Il;  ltlll’ill  (’X]) lillliltioll  01 tll(’  -~ :100”
Still’S j}] (,11(’ I“illlp,(, (- ~). 4) i]] Al ]),,) is  Ill;lt  il \’(’1”~ sip,]lili(tt]ll ll’il(”l  l o l l  01 111(’  S t i l l ’  I’ol”llliltioll”

it] il(;(~ f)l?S ()(”(”lll ( ’ ( 1  j(lst ~- T) (:j’l”S  il~,(). Aill”oll  Soil”  ,(’ Nlolll(l  (  l!)$:))  ll;l\’(’  Slloil’11  lllilt IJIII(’

CIIISt(IS  0 1 ”  iijt,( f) ( ~)]  )(ii(l) IIJl,r,l l.:) 011  111(’ .l(~ll. AIlo\viltp, I(JI 111{’ l)(hsillilitj  tllill Sol))(
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I ()

‘I’l Ic a r t i f i c i a l  stars cxj)cli]]]cllt ;Ilso lI(l])c(l 11s d(:tcrlllill( lllc ])l]()[c)]l]ctli(  (:IIors i]] I’, /
;III(l  V’ /  a s  a f[lllct,io]] ol IIlagtlitll(l(;  1 II( oligillal l)la~,llitll(lcs  w(~rc (oIIIJ)211uI }Yilll tlI{ l)S1”

Ill;ip)tlittl(l(s  (Icrivcd l)y A1,I,l’l{AM l;, :111(I  tli(’ rcs(lltillp, c’rror  l);~rs arr slIo\vl I ill l“i:,. ;) a)I(\
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